Abstract-this paper deals with filter bank to match partial fingerprints. The method uses both local and global details in a fingerprint and defined as fixed length feature vector. Final matching is done by calculating Euclidean distance between the two corresponding feature vectors. Input fingerprints are made to 256 x 256 image of 8-bit grayscale with 500 dots per inch. Finger code is calculated by rotating the input images. Normalization is applied after cropping and sectoring the fingerprint image and finally gabor filters are used with same angle of rotation. Results proved that our method is better in false acceptance and total error rate when compared to the minutiae based approach. FVC2004 database is used for testing and comparison.
INTRODUCTION
Automatic fingerprint recognition systems (AFRS) have been nowadays widely used in personal identification applications such as access control [9, 10] . Addressing partial fingerprints or deformable fingerprints is a challenging one. Not all fingerprints are crystal clear; most of the fingerprints are not clear because of many reasons like skin elasticity, erosions due to climatic conditions. The recent fingerprint scanners also come in different sizes. Figure 1 shows a sample of deformable fingerprints. Broadly there are three types of fingerprint matching methods: minutia-based, correlationbased, and image-based [10] . In minutia-based approaches, minutiae points are extracted and matched to measure the similarity between fingerprints [11, 12] . These minutia-based methods are now the most widely used ones [9, 10] . In correlation-based and image-based methods we compare fingerprints in a general manner. The correlation-based methods spatially correlate two fingerprint images to compute the similarity between them [13] , while the image-based methods first generate a feature vector from each fingerprint image and then compute their similarity based on the feature vectors [14, 15] . In all the types, the fingerprints have been aligned when matching them. The technique proposed in this work is based on [1, 2] which is also called as feature-based approach.
Almost all partial fingerprints may not have sufficient ridge details for improving the matching accuracies. The matching error increases as the number of identified local features decreases. In many cases, the available partial segments may not accommodate sufficient ridge details for undertaking a normal matching process. In fact, matching error usually increases as the number of detected local features decreases [2, 3] .This is because verification must rely on precisely with existing features alone, However, certain common features can be observed for the general ridge topology patterns of fingerprints. Fingerprints are often viewed as flow-like patterns. At the global level, ridge flows are generally smooth and continuous except near a few controlling points termed as singular points. II. BACKGROUND Traditionally, there are two main types of features in fingerprints: Global ridge and furrow structures which form a special pattern in the central region of the fingerprints, and minute details associated with local ridges and furrows. A fingerprint is typically classified based on only the first type of features and uniquely identified based on the second type of features. Even though minutiae-based representation is the most popular representation of fingerprints as it has a long history of use by the forensic experts who visually match fingerprints, sometimes, feature-based and correlation-based plays a significant role particularly while dealing with deformable fingerprints. Forensic experts also use other features such as ridge count between pairs of minutiae and ridge width in conjunction with minutiae for identification purposes. Most of the automatic processing of fingerprints allows the use of Cartesian coordinates and Euclidean distances in establishing the similarity between fingerprints. Similarly, the use of an alternate representation of fingerprint that has good discriminatory power is also feasible for automatic systems. Since there is limited number of information present in the minutiae-based, feature-based is applied which contains global and local sources that has rich information of the fingerprints. This representation should not only take into account the local anomalies in the ridge structure (e.g., th International Conference on IT in Asia (CITA) minutiae), but also, for instance, the global pattern of ridges and furrows, inter-ridge distances, and overall patterns of ridge flow.
The smooth flow pattern of ridges and valleys in a fingerprint can be viewed as an oriented texture field. The image intensity surface in fingerprint images is comprised of ridges. This ridge has a flow and direction which may vary and as a result it constitutes oriented texture. Most textured images contain a limited range of spatial frequencies, and mutually distinct textures differ significantly in their dominant frequencies [10] . Textured regions possessing different spatial frequency, orientation, or phase can be easily discriminated by decomposing the image in several spatial frequency and orientation channels [2] . For typical fingerprint images scanned at 500 dots per inch (dpi), there is very little variation in the spatial frequencies which is determined by inter-ridge distances among different fingerprints. This implies that there is an optimal spatial frequency for analyzing the fingerprint texture. A symbolic description of a fingerprint image can be derived by computing the angle and coherence at each pixel in the image. Fingerprints can be matched by using quantitative measures associated with the oriented textures as features.
The methods for fingerprint matching are based on one-toone comparisons. When used in one-to-many applications, they generally assume sequential matching or that the candidate list for such matching has already been established. Searching full fingerprints to match partial fingerprints is still more a challenging one. In general, millions of records in the database and retrieving a short and reliable list of fingerprints for matching is difficult in practice. As suggested by the NIST report Concept of Operations (CONOPS) for Evaluation of Latent Fingerprint Technologies (ELFT) [17] published in 2007, automated search capabilities will assist latent experts by reducing the size of candidate lists.
III. PROPOSED METHOD
This method is mainly based on [1] . However, we have used fuzzy technique [4] for enhancement and ten filters are used instead of eight to optimize the results. Input image of fingerprint is enhanced using fuzzy [4] and then the enhanced image is filtered through complex filters by considering the region of interest. Pixel-wise orientation field estimation is applied to the region of interest after going through the segmentation process. Logical matrix has been identified by orientation field. The maximum value of complex filtering output where the pixels of the logical image are set to 1.This procedure is repeated for a different set of angles (α). The angles are calculated using the value of Pi * α. Where {pi=3.1415} and α is any arbitrary value [1] . Figure 3 shows a clear step-by-step procedure of our system.
A. Reference point Location
Fingerprints have many conspicuous landmarks and any combination of them could be used for establishing a reference point [2] . The reference point of a fingerprint is considered to be the maximum curvature of the concave ridges in the fingerprint image. Some approaches use the reference point on the local features or some other similar properties of the orientation field. These methods work well for good quality fingerprint images, however, they fail to correctly localize reference points in poor quality fingerprints. Attempts have been made to judiciously combine the orientation field information with available ridge details for fingerprint classification but this does not able to handle poor quality fingerprints when the orientation field is very noisy and it can be misled by poor structural cues in the presence of finger cuts and bruises on the skin. In order that a reference point algorithm handles local noise in a bad quality fingerprint, the detection must be necessarily consider a large neighborhood in the fingerprint image. To yield an accurate localization of the reference point, the approach should be sensitive to the local variations in a small neighborhood. We used [1] for identifying the reference point. The core point is identified as shown in Figure 2 (a) and (b) . The core point based techniques are robust, but for matching the global ridge structure and for alignment of fingerprints, core point has to be identified. This point is called as Reference Point, the fingerprints have various ridge structures present on them, out of which the core points can be detected and used as Reference Point [16] . 
B. Filtering
The image is sectored after finding the reference point location. Figure 4 shows a sectorization of the enhanced image. Fingerprints have local parallel ridges and valleys, and welldefined local frequency and orientation [3] . The Gabor filters can remove noise, preserve the true ridge and valley structures, and provide information contained in a particular orientation in the image. A minutia point can be viewed as a locally parallel ridges and it is this information that we are attempting to capture using the Gabor filters. Before filtering the fingerprint image, we normalize the gray level intensities in the region of interest in each sector separately to a constant mean and variance. Normalization is performed to remove the effects of sensor noise and gray level background due to fingerprint pressure differences. 
C. Feature Vector
While handling deformable fingerprints, it is difficult to rely on features that are extracted based on explicit detection of structural features in fingerprints. Features based on statistical properties of images are likely to degrade gracefully with the image quality deterioration. In order to overcome this problem, we use grayscale variance-based features. The average absolute deviation of the gray levels from the mean value in an image sector is indicative of the overall ridge activity in that sector which we claim to be useful for fingerprint classification and verification. We used [2] for calculating feature vectors.
IV. EXPERIMENT RESULTS Matching of fingerprint is based on finding the Euclidean distance between the corresponding Finger Codes. The translation invariance in the Finger Code is established by identifying the reference point. However, Finger Codes are not rotationally invariant. The approximate rotation invariance is achieved by cyclically rotating the features in the Finger Code itself. Comparison has been done on the minutiae matching methods [5] , which uses local binary pattern technique. Fingerprints are taken from standard database FVC2004. Each fingerprint is compared with the same fingerprints and with different fingerprints. Randomly selected fingerprints are taken and cropped so as form as deformable images and latter the same is compared with pre-stored images of full fingerprints in the database. Each fingerprint images passes through the fuzzybased enhancement followed by filtering and sectorisation. Figure 5 and 6 shows false acceptance rate and total error rate respectively.
A. Data Set Information
Our database contained 50 full fingerprint images from 5 different fingers (Table 1) , 10 images for each finger. A total of 100 partial images were generated of different size of 50%, 60%, and 70%. Each partial fingerprint is matched with the 50 full fingerprints. 
